The excess molar volumes, V E , viscosity deviations, ∆η, and excess surface tensions were calculated from the measured density, viscosity, and surface tension values, σ, over the whole miscibility composition range for the ternary system water + ethyl butyrate + methanol and their constituent binaries, at 303.15 K and atmospheric pressure. The liquid interfacial tension was measured in the liquid-liquid equilibrium range at the same conditions of temperature and pressure. A Redlich-Kister type equation was used to correlate binary and ternary V E and ∆η data. For the correlation of the surface tension of binary and ternary data, the Santos et al. equation was used. The interfacial tension was correlated with the Li and Fu equation.
Introduction
Thermodynamic and transport properties are fundamental in the design of process units that involve fluid flow, interface heat, and mass transfer. In the past few years we have been developed a research program that consists of the experimental determination of densities, viscosities, and surface and interfacial tensions of binary and ternary mixtures. [1] [2] [3] [4] In the present work we have measured densities, viscosities, and surface and interfacial tensions for the ternary system water + ethyl butyrate + methanol, at 303.15 K and atmospheric pressure. The related properties excess molar volume, viscosity deviation, and excess surface tension were derived from the measured data. This ternary system shows liquid-liquid immiscibility in a wide composition range. The compositions of the liquid phases in equilibrium were measured by Rao and Rao. 5 The excess molar volume, V E , and viscosity deviations, ∆η, are often used to study qualitatively the intermolecular forces in mixtures, helping us to understand their real behavior and develop models for its description. On the other hand, the surface tension, σ, and the interfacial tension, σ′, of liquid mixtures are essential properties in process design, but the available experimental data are relatively scarce. 6 The V E and ∆η of binary and ternary data were correlated using Redlich-Kister type equations. However, the correlation of the binary surface tension data has been made using the Santos et al. 4 expression, since the best results are obtained using this simple equation, as was shown in our previous paper. 4 The liquid interfacial tension was correlated using the equation of Li and Fu. 7 
Experimental Section
Materials. The pure water (water G Chromasolv) was supplied by Riedel de Hä en. Methanol (Panreac) was supplied with a purity > 99.8 mass %, while the ethyl butyrate (Riedel de Hä en and Acros) was supplied with a purity > 99%. Table 1 lists the measured densities, viscosities, and surface tensions of ethyl butyrate and methanol together with the values found in the literature. Since the agreement is very good, all the compounds were used without further purification. Mixtures were prepared by mass using a Mettler AT 200 balance with an uncertainty of (10 -5 g. The uncertainty of the mole fraction compositions of the mixtures for which we have determined the densities and viscosities is estimated to be of the order (10 -4 . For the mixtures for which surface and interfacial tensions were measured, the uncertainty of the mole fraction compositions is (10 -3 , since these measurements took place in an open vessel. This value was obtained by weighing the prepared binary solutions at the beginning and at the end of the experiences, which allows us to determine the evaporated mass of liquid.
Measurements. Densities were measured in an Anton Paar DMA 60 digital vibrating tube densimeter, with a DMA 602 measuring cell. Air and pure water were used for the calibration of the densimeter. Viscosities were obtained with a Haake falling ball viscosimeter (Hoppler design), calibrated with pure water. An electronic digital stopwatch, with an uncertainty of (0.01 s, was used to measure the falling time of the ball. In all the measurements, the temperature maintenance and control were performed using a Haake D8-G thermostatic water bath, which has a temperature uncertainty of (0.01 K. In the case of density measurements, the Pt resistance thermometer (calibrated against a precision mercury thermometer, graduated in 0.01 K, certified by NPL, U.K.) was placed * To whom correspondence should be addressed. Telephone: +351-239798728. Fax: +351-239798703. E-mail: fonseca@eq.uc.pt. Surface and interfacial tensions were measured using a PC controlled KSV Sigma 70 tension balance which employs the Du Noü y ring-detachment method. The platinum ring was thoroughly cleaned by immersion in a concentrated solution of nitric acid during several hours. Then it was rinsed with distilled water and flame dried before each measurement. The measurements were automatically corrected by means of the Huh and Mason compensation for interface distortion. The temperature inside the surface tension measurement vessel was maintained and controlled at (303.15 ( 0.10) K using a Julabo FP50 bath.
For the liquid interfacial tension measurements, the mixture with a known global composition was kept at 303.15 K in a thermostated vessel and shaken several times during a period of at least 24 h to reach the equilibrium. The surface tension of each liquid phase was also measured separately.
Uncertainties. Densities were measured with an uncertainty of (10 -5 g‚cm -3 . Having in mind that the error in the excess molar volume, V E , is determined by the uncertainties in mole fraction and density, the maximum error in V E resulting from the propagation of errors is 5 × 10 -3 cm 3 ‚mol -1 . Taking into account the uncertainties in the measured time and in the density, the experimental uncertainty in the viscosity is (0.001 mPa‚s. The uncertainty of the surface and interfacial tensions is indicated by the instruction manual of the tension balance to be of the order of (0.01 mN‚m -1 .
Results and Discussion
The excess molar volumes, V E , were calculated from the densities by the equation where x i is the mole fraction of component i in the mixture, M i is its molecular weight, and F and F i are the measured densities of the mixture and the pure component, respectively.
The calculation of the dynamic viscosity is done according to the formula where t is the falling time of the ball measured with the stopwatch. K is a calibration constant, and F b and F represent the densities of the ball and the liquid, respectively. F was calculated through eq 1. The V E values are obtained by eqs 5 and 7 for binary and ternary systems, respectively.
The viscosity deviations, ∆η, were obtained using the expression where η is the measured mixture viscosity and η i represents the pure component viscosity.
The composition dependence of the surface tensions of mixtures can be represented in terms of the excess surface tension, σ E , defined as where σ is the surface tension of the mixture and σ i is the surface tension of the ith component of mole fraction x i . Table 2 lists the measured densities, F, and the corresponding values of V E , Table 3 presents the measured viscosities, η, and the corresponding ∆η values, and the measured surface tensions and the corresponding excess surface tensions as a function of the composition are shown in Table 4 , for the ternary system and its constituent binary systems. Experimental results for the binary water (1) + 
methanol (3) system are presented in previous papers. [2] [3] [4] All types of measurements were made for different compositions, since they were not performed simultaneously. The experimental liquid interfacial tension and the values of the surface tensions of the aqueous and organic phases of the system water + ethyl butyrate + methanol are listed in Table 5 .
The V E and ∆η binary data were correlated using a Redlich-Kister type equation for the binary systems: 18 where Y ij represents V E and ∆η.
For the correlation of surface tensions of binary systems, a simple equation, proposed by Santos et al., 4 was used to describe the behavior of the observed systems:
where A, B, and C are adjustable parameters.
Equation 6 correlates well the surface tensions of these systems even for the system water + methanol, which is highly nonsymmetrical with large values of σ E . 4 In Figures 1-3 we have plotted the experimental V E , ∆η, and σ E , respectively, for the binary system ethyl butyrate (2) + methanol (3) as a function of composition of the ester. As can be seen, the agreements between experimental and correlated values are reasonable, although the V E and ∆η values show some dispersion which is a consequence of the small absolute values of these properties.
The ternary data (V E and ∆η) were correlated by a Redlich-Kister type equation: 18 where Y 123 represents V 123 E and ∆η 123 , the excess molar volume and the viscosity deviation data for the ternary system, and Y ij are the values of the Redlich-Kister polynomial for the same properties of the binary systems, obtained by fitting eq 5.
The excess surface tension for the ternary mixtures, σ 123 E , has been fitted to the equation where the ternary term, σ T E , is given by and σ ij E represents the excess surface tension for the binaries, which is given by eq 6.
The Li and Fu expression 7 where was fitted to the interfacial tension σ′ between the two immiscible liquid phases R and in the ternary system. σ′ 0 a The surface tension, σ, and the compositions of the liquid phases at equilibrium are also indicated.
is the interfacial tension of the partially miscible binary pair, which corresponds to x 3 ) 0 and X ) X 0 in eq 11. x 1 R is the mole fraction of component 1 in the liquid phase R, which is richer in component 2, x 2 is the mole fraction of component 2 in the phase richer in component 1, and x 3p is the mole fraction of component 3 in the phase poor in it.
Li and Fu considered the parameter k as an adjustable one in eq 10, and they have also used a more general form, k
The optimized coefficients, A k (eq 5), A, B, and C (eq 6), and the standard deviations, S, obtained from the Levenberg-Marquardt method of fitting, are given in Table 6 . The coefficients A 1 and B i of eq 7, D i of eq 9, and the standard deviations of the corresponding fittings are given in Table 7 . The parameter k has been calculated considering that k ) k 1 and that k ) k 1 + k 2 X. The results of the fittings are listed in Table 8 .
The standard deviation of the fittings, S, is defined as where Z represents V E , ∆η, σ E , or σ′ and M and n represent the numbers of the experimental points and parameters, respectively. The experimental determinations of surface tension for the ternary system were made following lines of constant ratio z ()x 1 /x 3 ). In Figure 4 we have represented experimental σ E values and fitted lines of constant (x 1 /x 3 ) obtained using eq 8.
Conclusions
The densities, viscosities, and surface and interfacial tensions of the system water + ethyl butyrate + methanol 1/2 (12) have been determined experimentally at 303.15 K and atmospheric pressure. Binary as well as ternary V E and ∆η data were correlated using only up to three parameters in the Redlich-Kister polynomials. For the binary surface tensions, correlation of the experimental data was made using a threeparameter equation (eq 6), whereas, for the ternary system, a ternary term, σ T E (eq 9), with four adjustable constants was used.
The simple equation of Li and Fu correlates well the liquid ternary interfacial tension data, with a standard deviation of the fitting < 0.3 mN‚m -1 .
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